
N L Y E F  

Advance Ill&lrfyIIcca) Report 

AIR-FLOW SUETvTIYYS IN THE REICTN OF THE TAIL SURFACES 

OF A SINGLE-E3YGIN'E: AJXHANE EQUIPPED 

I4ITH DmL-ROTATIBG P R G P E D S  

By Harold He Sweberg 

Langley Memorial Aerone.utica1 Laboratory 
Langley Fie ld ,  VE. 

WASHINGTON 

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically odited. All  have been reproduced without change in order to expedite general distribution. 

L - 424 

i 



BAYIONAL ADVISORY OOTJiKITTI3E FOR U R O M A U T I C S  

0.3’ A SINGL%--ENCINE ATRPLAN;E EQUIPPED 

B y  E a r o l d  E,  S v e b e r g  

S a r v e y s  o f  $ h e  a ir  f l o w  in t i le  r e g i o n  of  t h e  t a i l  
su r f ece s  o f  .I s i n g l e- e n g i n e  p u r s u i t- t y p e  a i r p l a n e  equ ipped  
w i t h  d u a l - r o t p , t i n g  p i - o ~ e l l e r s  ere p r e s e n t e d .  The . t ;ests 
i n c l u d e d  air-flow measuT emeiit s w i t h  p r o p e l l e r s  removed and 
0 3 0 r a f i n g  at; TLriQus t h r u s t  so~ffic”cnts 3ilC ~ i t h  flaps 
r e t r e c t e d  aAi+ clef]-ected.  Soae  coincar isons  a r e  made wi th  
air-fJ.ov rnea,saremeylts at t h e  t a i l  o f  a rfiodel e n u i p p e d  w i t h  
a s ing le - - ro t -v l ing  p ; . o p e l l ~ f : ,  The t e s t s  were matie ir, t h e  
XBCA f u l l - s c a l e  t u n n e l ,  

IBTR O%U C fI’ 3 OW 

A s  part of  a g e n e r a l  i n v e s t i g a % i o n  d i r e c t e d  toward  
p r e d . i c t i n g  the e f f e c t s  o f  p r o p e l l o r  o p e r a t i o n  on t h e  sta- 
bility c L a r s c : e r i s + i c s  o f  a i i - c r a Y t ,  measure3cn ta  were made 
02 t h e  air f loz r r  i n  t h e  r e g i o n  o f  t h e  t a i l  s u r f a c e s  o f  a 
s i n g l e - s n g i n c  p u r s u i t - t y 2 e  a i r p l a n o  equigped  with dual-  
r o t a t i n g  g r o 2 e l l e r s .  Yne t e s t s  werc made i n  t k e  1SACA 
full-scale t i l n n e l  and igc lu&e2.  a i r - f l o - ; {  n s a s u r s m e n t s  w i t h  
p r o p e l l e r s  renoved  and o y c r a t  iiig sad- w i t h  l a n d i n g  flaps 
d e f l e c t e i l  40” and r e t r a c t e d .  

h 

In* : res t iga t ions  o f  t b e  air f l o v  i n  t i i o  r e g i o n  o f  t h e  
tail s u r f a c e s  of a i r p l a n c s  q u i p p e d  w i t h  s i n g l o - r o f s t i n g  
proL3elleTs have a l s o  beer, made and are i epor ‘ced  i n  r e f e r-  
e n c e s  1 and  2 ,  Sone coapzrisons a r c  g ivon  i n  t h i s  paper  
o f  t h e  a i r  f l o w  b e h i ~ d  s i n g l e-  an& d u a l- r o t a t i n g  p rope l-  
l e r s .  
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SYMBOLS P 

u 

P 

lii't c o c f f  i . c ion t  "r, 
c f f  e c t  i v e  t h r u s t  

pTL' 2D 
If, t h r u s t  c o e f f i c i e n t  

Y / n J 3  I r o p e l l c r  advarce-d iamstor  r a t i o  

rl p r o p e l l e r  e f f i c i e n c y  

v a f r  s p  e od 

n p r o p e l l e r  r o t a t i o x z t 2  speed. 

D p r o p  e l l  e r  d ian  e t  e r  

f i s i - s i t y  cf  air P 

a n g l e  o f  a t t a c k  o f  t h r i a s t  axiz: r e l a t i v e  t o  f r o c -  
s tr cam A i r  e c t  i o n ,  &egr e e s  

"T 

8 p r o 2 e l i c r  b l a d e  a n g l e ;  s u b s c ~ i r t s  F and. X r e f e r  
t o  f r o n t  and rea r  p r o p e l l e r s  

E l o c a l  downwash angle a t  t a i l  aieasured r e l a t i v e  t o  
f r e e- s t 2: e zm d- ir e c t i on 

E izv a v e r a g a  downwash angle ?>cross  e l e v a t o r  h i n g e  l i n e  
zs found-  f r o m  a i r - f low s u r v e y s  

A €  angular d i f f c r e n c a  between a v c s a g c  downvash a n g l e s  
a c s o s s  s e a i s p a n s  o f  h o r i z o i z t a l  t a i l  s u r f a c e  

q loc:.,l. Aynamic p r e s s u r e  

f r 28- s tr earn dynamic ps 3s  sur e 

av e r  age dgn a3 i 6--pr e s sur e 1- at  i o a c r  o s s e l  ova t  o r  

q, 

( q / q o ) z v  
hinge. l i n e  a s  f ound  f r o n  a i r - f l o w  surveys 
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3ESCRIPTION OF NODEL ARJD TESTS 

T h o  XACA f u l l - s c a l e  t u n n e l  i s  d e s c r i b e d  i n  r e f e r e n c e  
3 and t h e  methods by which t h e  da ta  were c o r r e c t e d  f o r  
j e t- boundary  and b l o c k i n g  e f f e c t s .  a r c  d i scus sec l  i n  r e f e r -  
e n c r s  4 Arid 5. 

T h e  m o d e l  inouiitod on t h o  t u n n e l  s u p 9 o r t s  i s  shotilrs 5n 
f i g u r e  1, i?f.gure 2 i s  a throe- view drawing showing t h e  
i n p o r t a n t  h i a c n s i o n s  o f  t h e  mc?dcl. The o u t e r  s u r f a c e s  o f  
t h e  model were c o n s t r u c t e d  or' s h e e t  du l r inum t h a t  was 
cove red  wi th  a p l a s t i c  f i l l e r  and sanded  t o  a s m o o t h  f i n-  
i s h  b e f o r e  t h e  t e s t s  were mads. The h o r i z o n t a l .  and v e r t i -  
cal. t a i l  su.z+facea isere removed $07 all t h e  t e s t s .  3 a l a n c e d  
s l o t t e d  f l a p s r  h a v i n g  a f l a p  s g m  eq-aal t o  54 p e r c e n t  o f  
t h e  wing Span,  were usod  as % h e  h i g h- l i f t  d e v i c e .  

The &,ropu. ls ivc u n i t  c o n s i s t e d  of t r i - 0  10- foot- diameter  
dual-rotat i n g  p r o p e l l e r : ?  that were d r i ~ c n  b y  t w o  25-horse- 

f r o n t  r i l o t o r  was d i r e c t l y  connec t ed  t o  the  f r o n t  p r o - p e l l e r ,  
w h i l e  t h e  r e a r  m o t o r  d r o v e  t h e  r e a r  p r o p e l l e r  t h r o u g h  
chains and a c o u n t e r s h a f t .  

potrer e l e c t r i c  m o e o r s  i n s t a l l e l !  i n  t h o  f u s e l a g e .  The 

TZie p r o p e l l e r  i n s t s L l a t i o n  on the model is shotrrr, i n  
f i g u r e  3 ,  The blade-angle s e t t i n g  o f  the f r o n t  p r o p e l l e r  
was 28,,0°. I n  o r d . e r  t h a t  t h e  r e a r  p r o p e l l e r  a b s o r b  t.h.e 
s a x e  a,rnDunt o f  power ai; peak  e f f i c i e n c y  as t h e  f r o n t  pro- 
p a l l e r ,  t h e  -alade--sngle setting o f  t h e  r e m  g r o p e l 2 e r  was 
27',7*. The bZalte a n g l e  of t h e  r e a r  p r o p e l l e r  vas s e t  
lower  t h a n  t h a t  of  t h e  f r o n t  propeller t o  o f f s e t  i t s  in-  
c r e a s e d  a n g l e  of a t t a c k  d-xie t o  t h e  i n t r o d u c t i o n  o f  EL rota- 
t i o n s l  corcpoaent t o  t h e  s l i p s t r e a m  b$ t h e  Yrw.t y q e l l e y .  
The -po$eLler  b l a d e  angles were h e l d  constan'c x o r  t h e  
t e s t s .  The ae rodyaamic  c h a r z c t e r i s t i c s  o f  t h e  dual- 
r o t a t i n g  p r o p e l l e r s  o n  t h e  comple t e  m o d e l  a t  ?*bout z e r o  
l i f t  c o e z f i c i e n t  are shown i n  f i g u r e  4. 

A l l  t h e  s u v e y s  were  made f.n a v e r t i c a l  p1,ane t h r o u g h  
t h e  e l e v a t o r  hinge l i n e ,  ."be s.;.sveys were nade a t  v a r i o u s  
a n g l e s  o f  a t t z c k  w i t k  p r o g e l l e r s  relnoved and o p e r a t i n g  and 
w i t h  llza6.ing f l a g s  d e f i o c t e a  4 0 O  and  r e t r a c t e d .  

The m e a s u r e n a n t s  were raade w i t h  a ~ a c k  o f  f i f t e e n  
3/8--inch s t e e l  s u r v u y  t u b e s  d e s c r i b e d  i n  r e f e r e n c e  2 ,  The 
a c c u r a c y  of t h e  p i t c h-  and yaw-angle m e a s u r e n e n t s  i s  e s t i -  
mated t o  be  w i t h i n  about 10,2;j0, dynamic- pressure  measure-  
ments  are  a c c u r a t e  w i t h i n  about  &l p e r c e n t .  
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RESULTS 9N-D D I S C U S S I O N  

The a i r- f l o w  s u r v e y s  a r e  p r e s e n t e d  as c o n t o u r s  of 
d y n a n i c- p r e s s u r e  r a t i o  q / q o  and  as v e c t o r s  showing the 
r e s u l t a n t  f l o w  d i r e c t i o n  i n  a v e r t i c a l  p l a n e  t h r o u g h  t h e  
e l e v a t o r  h i n g e  l i n e .  The r e s u l t s  o f  t h e  p r o p e l l e r s-  
removed t e s t s ,  which a r e  g i v e n  as a r e f e r e n c e  f o r  t h e  
d e t e r m i n a t i o n  of t h e  s l i p s t r e a n !  e f f e c t s ,  a r e  sh-own i n  
f i g u r e s  5 and 6, F i g u r e s  7 and 8 g i v e  t h e  r o s n l t s  o f  t h e  
t e s t s  w i t h  p r o p e l l e r s  o p e r a t i n g  a t  v a r i o u s  t h r u s t  cocf- 
f i c i e n t s  f o r  f l a p s  r e t r a c t e d  and for f l s p s  d e f l e c t e d  40°, 
r e s p e c t i v e l y ,  

The  e f f e c t s  of gropslley o p e r a t i o n  on t h e  a v e r a g e  
dynamic p r c s s a r s s  a n &  t l i e  a v e r a g e  dovnwash angles at  t h e  
t a i l  a r e  i l l u s t , r a , t c d  i n  t a b l e  I, Thc dynamic- pressure  
r a t i o s  and t h e  downvash a n g l e s  were  not  weighted. a c c o r d i n g  
t o  t h e  v a r i a t i o n  o f  l o c a l  chord  and  l o c a l  dynafilic p y e s s u r e  
a c r o s s  t h e  t a i l  s p a n ,  inasmuch as a few c o s p u t a t i o n s  showed 
t h i s  c o r r e c t i o n  t o  bc: smallb The v a l u e s  of  ( q / q o )  an& 
'Eav h a v e  been computed s e p a r a t e l y  a c r o s s  each  semispan  o f  
t h e  h o r i z o n t a l  t a i l  s u r f a c e  i n  o r d e r  t o  a s c e r t a i n  whcther  
t h e  Gse o f  d u a l- r o t a t i n g  p r o p e l l e r s  e l i m i n a t e d  t h e  e f f e c t s  
due t o  s l i p s t r e a n  r o t a t i o n .  

av 

When t h e  power a b s o r b e d  by t h e  f r o n t  p r o p e l l e r  was 
a p p r o x i m a t e l y  e q u a l  t o  t h e  paver a b s o r b e d  by t h e  r e a r  
p r o p e l l e r ,  t h e r e  w a s  l i t t l e  e v i d e n c e  of  s l i p s t r e a m  r o t a t -t o n  
i n  t h e  s u r v e y s .  ( S e e  f i g s .  7 and 8. ) Because  t h e  p r o p e l-  
l e r  b l a d e  a n g l e s  were a d j u s t e a  t o  a b s o r b  a p p r o x i m a t e l y  
e q u a l  pover  a t  t h e  V/nD f o r  p e a k  e f f i c i e n c y ,  T f n D  = 
1,25$ t h e  >ewers a b s o r b e d  by t h e  t w o  prope1.1ers  were n a t  
e q u a l  a t  o t h e r  v a l u e s  of V/nD ( f i g .  4). A t  l o w  t h r u s t  
c o e f f i c i e n t s ,  f o r  which t h e  d i f f e r e n c e s  i n  t h e  powers 
a b s o r b e d  by t h e  f r o n t  and  t h e  r e a r  p r o p e l l e r s  were small ,  
t h e  v a l u e s  of (g/q0),, and caV measured a c r o s s  each  
s s u i s p a n  o f  t h e  b o r i z o n t a Z  t a i l  s u r f a c e  were a y p r o x i n a t e l y  
equa l .  A t  t h e  h i g h e r  tnrust  c o e f f i c i e n t s ,  however ,  some 
d i f f e r e n c e s  i n  ( q . /qOlaTT ant were n e a s u r e d ,  a l t h o u g h  
t h e  d i f f z r e n c s s  were c o n s i d e r a b l y  l e s s  thar, t h o s e  u s u a l l y  
o b s e r v e d  b e h i n d  a i r p l a n e s  w i t h  s i n g l e- r o t a t i n g  p r o ; p e l l e r s .  

I n  o r d e r  t o  corn-ocre %he a i r  f l o v  beh ind  i n s t a l l a t i o n s  
of s i n g l e-  and d u a l- r o t a t i n g  p r o p e l l e r s ,  some o f  t h e  
results o f  ciomvash-angle measurements  a t  t h e  t a i l  o f  a 
s i n g l e- e n g i n e  p u r s a i t - t y p s  a i r p l a n e  equipped w i t h  a s i n s l e -  

d 
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r o t a t i n g  p r o p e l l e r ,  which h a v e  been  r e p o r t e d  i n  r e f e r e n c e  
1, a r e  g i v e n  i n  f i g u r e s  9 and 10. These  f i g u r e s  show t h e  
downvash-angle d i s t r i b u t i o n  a c r o s s  t h e  h o r i z o n t a l  t a i l  
span  o f  t h e  model w i t h  f l a r s  r e t r a c t e d  and w i t h  f l a p s  
d e f j - e c t e d  aOo f o r  variou.s  a n g l e s  o f  a t t a c k  a n d  v a z i o u s  
t h r u s t  c o e f f i c i e n t s .  S i u i l a r  c u r v e s  a r e  g i v e n  i n  f i g u r e s  
11 end 12 f o r  t h e  model  w f t h  d u a l - r o t a t i n g  p r o p e l l e r s ,  

F o r  t h e  inodel w i t h  t h e  s i E g l e - r o t a t i n g  p r o p e l l e r  and 
f l a p s  r e t r a c t e d ,  t h e  o r i g i n a l  d i r e c t i o n  o f  r o t a t i o n  of 
t h e  s l i 2 s t r eam i s  r e t a i n e d  t o  a l a r g e  e x t e n t  a t  t h e  t a i l  - 
t h a t  i s ,  t h e  do.mwasi? ar lg les  at t h e  t a i l  on t h e  s i d e  of  
t h e  dotmgoing b l a d o s  FviTa inc ree - sed ;  whsreas  t h e  downwash 
a n g l e s  at t h e  t a i l  an  t ~ e  s i d e  o f  t h e  upgo ing  blades a r e  
decrease$- .  Tile sli ;strenr::  r o t a t i o n  a p p e a r s  t o  b e  cons id-  
e r a b l y  l e s s  a t  t h o  t a i l  with flaps d e f l e c t e d  t h a n  w i t h  
flaps r e t r a c t e d ,  I t  a p s e a r s  l i k e l y  t h a t ,  w i t h  t h e  f l a p s  
des"l-ect ,ed,  t h e  s 1 i : p s t r e a ~  i s  d e f l e c t e d  'below t h e  e l e v a t o r  
h i n s e  l i r e  w i S h  t h e  r e s u l t  t h a t  t h e  s l i j J s t r e a n  r o t a t i o n  
a f f e c t s  tb e r o s u l t n n t  dowiiwash-angle d i s t r  i 5 u t  i o n  across 
th.: h o r i z o n t a l  t a i l  su r f~ ,?ce  l o s s  w i t h  f l a p s  d o f l e c t e d  t h a n  
w i % h  f l a y s  r c t r a c t c d .  

A coinya,rlson i s  givclz i n  f i g u r e  13 o f  t h o  a n g u l a r  
d i f f e r c n c c s  'oc tvcen ",he a v e r a g o  downwash a n g l c s  a c r o s s  t h e  
semispa:zs o f  t h o  h o r i a o i l t a l  t a i l  A E  f o r  t h e  rnodc l  w i t h  
t h o  s i n z l e - r o t a t  iag pro89: i l c r  nfid f o r  t h e  !nodo?- w i t h  t h o  
d u a l - r o t a t i r & g  p r o p e l l e r s ,  Thi: va lues  of arc) p l o t t e d .  
a s  a f u L i c t i o n  o f  t h z u s t  c o e f f i c i e n t  at various p r o p e l l e r  
bLad-e an$;_;lcs andl l i f t  c o e f f i c i e n t s  f o r  t h e  f l a p s - r e t r a c t e d  
c o n a i t  i o n ,  T o r  t h a  madte'l w i t h  t h o  d u a l- r o t a t  iiig p r o p e l l e r s ,  
t h o  d.iffGr.encc o f  downwash acTo8s t h e  s e x i s p a n s  of the 
h o r i z o n t a l  t a i l  was sna12;  w h c r c a s ,  f o r  t h e  model with 
t h e  s i n g l c- r o t a t i n g  = p r o p e l l e r ,  a d i f z c r e n e c ,  o f  8 . V 0  at  
Tc = 0.31 was neaszlred.. The l a r g e  d i f f e r e n c e s  of down- 
wash n e a s u r c d  a c r o s s  t h e  scnisLjans o f  thn, t a i l  of t h e  
m o d s 1  w i t h .  t h e  s i n g l o - r o t a t i n g  propc3.3.w w i l l .  r e s u l t  i n  
a s g i m s t r i c a l  t s i l  l o a d i n g s  and bond ing  Tnoionts t h a t  nay b e  
c r i t  ' e a 1  f r o x  s t r u c t u r a l  c o n s i d o r z u t i o i L s ,  

For  t b e  s i n g l e- r o t a t i n g  p r o p e l l e r ,  an  a s y n m o t r i c a l  
dynamic- pressure  d i s t r i b u t i o n  a l s o  e x i s t s  a t  t h e  t a i l  be- 
c a u s e  t h e  t h r u s t  d i s t r i b u t i d n  i s  n o t  s y n s o t r i c s l  a t  t h e  
p r o p e l l e r  tiisk. T h i s  aissynnotry o f  t h r u s t  a r i s e s  f r o m  
t h e  i n c l i i i a . t i o n  o f  t h c  p ~ o p o l l e r  a x i s  t o  t h c  a i r  s t r eam,  
which c a u s e s  b o t h  t h g  l o c a l ,  r c l a t i v e  a i r s d o e d  and t h e  
l o c a l  a n g l e  of  z t t a c k  t o  b e  h i g h e r  o n  t h e  s i d e  o f  t h o  
downgoing b l a d e s  t h a n  on t h e  s i d e  o f  t h e  u p g o i n g  b l a d e s .  



The r e s u l t  i s  t h a t ,  a s  t h e  srigle of a t t a c k  i s  i n c r e a s e d ,  
t h e r e  i s  a p r o g r e s s i v e l y  higher c o n c e n t r a k i o n  o f  t h r u s t  
on t h ~  s i d e  ~f t h e  downgoing 52ades  "can on t h e  s i d e  of 
t h e  u p g o i n g  blades, A s  an  exartiple, w i t h  flaps r e t r a c t e c l ,  
a d i f f e r e i c e  of ( ~ / q - ~ ) , ~  a c r o s s  t h e  two s e a i s p a n s  of 
t h e  h o r i z o r i t a l  t a i l  s u r f a c e  o f  0.45 at PC 0.32 w a s  
n o a s u r e d  ( r e f e r e n c e  1). 

A s  n o t e d  p r e v i o u s l y  ( t a b l e  I ) ,  f o r  t h e  nodcl,  w i t h  
(q/qo)av d .ua l - ro ta t ing  p r o p c l l o r s ,  t h o  d - i f f e r o n c e s  of 

a c y c s s  t h e  t w o  s e n i s p a n s  of t h e  h o r i z o n t a l  t a iL  s u r f a c e  
were smsl.2.. 

T h o  su rveps  a t  t h a  t a i l  o f  t h e  mod-el w i t h  dual- 
s o t n t i i l g  g r c p o l l c r s  showcd l i t t l e  e v i d e n c e  of  s l i p s t r e a m  
r o t a t i o n  o r  a s ; y ~ ~ ~ e t r i c  t h r u s t  d i s t r i b u t i o n ,  The o f f o c t s  
o f  e i i p s t r c a n  r o t a t i o n  an& a s y a n e t r i c  th rus t  d i s t r i b u t i o n  
on t h e  ros ln l t a i i t  a i r  f l o w  et t h e  t a i l  of t h e  l o d e 1  w i t h  
t h e  s i n g l c- r o t a t i n g  p r o p e l l e r ,  howcver I ware l a r g e  a t  
h i g h  t h r u s t  c o e f f i c i e n t s  anii a t  high a.nglcs  o f  a t t a c k .  
A s  a t y p i c a l  cxLznplc, f o r  t h e  r.iodel w i th  d u a l- r o t a t i n g  
p r o p e l l e r s  and with f l a p s  r e t r a c t e d ,  t h e  & i f f  e r c n c e s  o f  
downwash an& d y n a n i c  p r e s s u r e  -zcross  t h e  somispans  of t h o  
h o r i z o n t a l  t a , i l  w o r e  n c g l i g i b l c ;  whe reas ,  f o r  t h e  X l o d o l  
w i t h  t h o  s i n g l e- r o t a t i n g  p r o p e l l e r  I d i f f e r e n c e s  of  down- 
wash and average  dyna: .~ic-prossure r a t i o  o f  8.7' 2nd 0.45, 
r e s p e c t i v e l y ,  were neasuret i  a c ro s s  t h e  o l o v a t o r  h i n g e  
l i n e  et  a thrust c o e f f i c i e n t  o f  0.31. 

La-;lg;l.cy Wcncs i d  Ilcy0nau.i; i c a l  L t : d 5 0 r a t o r y ,  
N a t i o n n f  Advisory  G o a m i t t o o  f o r  A e r o n a u t i c s ,  

I,t?ngioy F i e l d  Ya, 

J 
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TABLE 1: 

AVERAGE DYNAh4IC-PRESSURE RATIOS AND AVXEBAGE DOWBWASH AWGSES 

AT T A I L  OF MODEL WITB DUAL- ROTATING PROPELLERS 

CL 

__._I 

0.130 
,407 
, 7 2 3  

1 275 
1,565 

e 102 
325 

0 485 
,450 

le396 
1,532 
1,772 
1,825 

6f 
(dcg) 

0 
0 
0 

40 
40 

0 
0 
G 
0 

40 
40 
40 
40 
7- 

1 

-.----*-r-- 

Right  
s er: i s p a n  
o f  t a i l  

0999 

094 

.93 
1,02 
1824 
1,oo 
1019 
1.07 
1,17 
1.24 
1.33 

.9a 

895 

L e f t  
~ c r ~ i s p a n  
o f  t a i l  

0.97 
.97 
- 9 5  
095 
m93 

1.00 
le21 
1.00 
le19 
1.31 
1.43 
1.25 
1.44 

Bight 
se.-iispan 
o f  t a i l  

1.7 
2.5 
5.8 

11.9 
13.9 
1.4 
1*3 
2 e 9  
3 a 2  
14.7 
1784 
18.7 

- 

21.7 

I__-- 

L e f t  
: on i span  
o f  t a i l  

1.9 
2.7 

22.5 
13,5 
1.7 

3.3 
3.6 

13-2 
14.4 
17e2 
1992 

3--- 

5 8 8  

1.5 

XPrope l l e r  s T ea ov e6 



NAC .A Figs. 1,3 

Figure 1.- Model mounted in the NBCA fu l l- scale  tunnel 

Fibure  3 . -  Propeller installation on mio3el 
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